INTRODUCTION
============

Type 1 diabetes mellitus (T1DM) is known to be associated with the increased risk of mortality compared with the general population \[[@B1]\]. Intensive glycemic control in T1DM was found to reduce the risk of cardiovascular disease in a follow-up of subjects in the Diabetes Control and Complications Trial (DCCT) \[[@B2]\], whereas poor glycemic control has been found to be associated with cardiovascular disease in observational studies of T1DM \[[@B3],[@B4]\]. Tight glycemic control and intensive support have also been shown to improve control and reduce the risk of retinopathy, neuropathy, and nephropathy by up to 75% \[[@B5]\]. As shown above, control of diabetes has been shown to decrease mortality and prevent long-term complications, and thus it is critical that healthcare systems develop innovative ways to improve diabetes management and provide timely care to patients.

Close monitoring of blood glucose at home is a key component of diabetes management, but without timely provider feedback, it somewhat has lesser value. For those patients living in rural areas, it is potentially invaluable to have access to diabetes care providers from the comfort of their homes, thus sparing them the time and cost of traveling. The internet has proven itself to be a fast, efficient, and reliable source of communication. Its widespread availability makes it an attractive communication tool among patients and providers, and it has shown efficacy in patients with different ages and illness experiences, and can help to improve various symptoms and health behaviors \[[@B6],[@B7]\]. However, the clinical benefits of telemedical support on diabetes care remains inconclusive \[[@B8]\].

Parent mentoring is a proven strategy to provide social support to the parents of children who are newly diagnosed with T1DM, especially in day-to-day management areas for which health care professionals may not be available \[[@B9]\]. However, although considerable diabetes research data has been published, there are little data regarding the results of mentoring in the contemporary literature.

For these reasons, we decided to analyze the benefits of contact between parents and patient mentors through an online-based program to intensify the follow-up for T1DM adult subjects. We hypothesized that this intervention would be beneficial to subjects\' glycemic control and welfare. Therefore, we conducted a randomized, controlled clinical trial in adult T1DM subjects employing an internet-based telemedicine system with real-time data transfer of blood glucose results, where we compared one group which received intensive feedback against the other group which was given no feedback.

METHODS
=======

The study was performed in accordance with the Declaration of Helsinki and the guidelines for Good Pharmacoepidemiology Practices. The protocol was reviewed and approved by The Institutional Review Board at Samsung Medical Center (2010-05-065) and all the participants gave written informed consent before any trial-related activity. This study was registered at [ClinicalTrial.gov](http://www.ClinicalTrial.gov) (trial number, NCT01157611).

Participants
------------

Subjects were eligible to participate in this study if they had 1) documented T1DM (with C-peptide ≤0.6 ng/mL) of \>6 months\' duration; 2) inadequate glycemic control (hemoglobin A1c \[HbA1c\] ≥8.0%) even after using multiple daily insulin injections or insulin pumps for ≥3 months; and 3) ≥4 weeks of self-blood glucose monitoring data. The subjects were patients receiving typical diabetes care in Samsung Medical Center in Seoul, Republic of Korea ([Fig. 1](#F1){ref-type="fig"}). Subjects were excluded if they were 1) under the age of 18; 2) pregnant or planning pregnancy; or 3) did not have access to the internet. After confirming eligibility and obtaining written informed consent, the study coordinator allocated the subjects to different groups using a computerized random number table to minimize the differences between groups.

Interventions
-------------

We trained all the subjects enrolled in the study to connect to the internet website (<http://ubisens.co.kr/>) and transmit glucometer data. We trained the subjects to install data transmission software and cables on their own computer to upload their glucometer data. The personnel of the website were available to handle calls to assist in the installation and usage of the program. The glucose analysis software on this website assisted the mentors with the interpretation. Each subject underwent counseling with a medical social worker at their first visit to Samsung Medical Center. This helped the mentors to better understand the subjects and to provide appropriate advice and feedback. We asked all subjects to monitor their blood glucose 4 times per day, 7 days per week, and to transmit the recorded glucometer data at least every 2 weeks. The subjects allocated to the mentored group received individual feedback on their results: mentor-initiated support about insulin dosing, physical activity, and food intake within 48 hours of transmission. Text messages were sent to notify the allocated mentors when their mentees uploaded their data. Their advices on glycemic goals (HbA1c ≤6.5%), food intake, and physical activity followed the recommendations by the Korean Diabetes Association \[[@B10]\]. Mentors were given the contact numbers of their mentees so no face-to-face meetings between the mentors and their mentees were required, and the calls were not monitored. Mentors were contacted once per month to provide training reinforcement and to answer questions about the interactions with their mentees. Meetings with the investigators were held five times during the study to report progress and discuss any problems during the study. On the other hand, subjects allocated to the control group did not receive any feedback, but they could review and interpret their own data from the website as often as necessary. All subjects received face-to-face diabetes care with physicians at clinic visits every 6 weeks.

Mentors
-------

Five mentors (three male and two female) were interviewed and carefully selected based on their background of giving advice to other Korean T1DM patients in an internet community (JahkEunSon \[Small Hands\] Type 1 Diabetes Cafe; <http://cafe.naver.com/dmtype1.cafe>) for at least 2 years. This community is the largest and most active online T1DM society in the Republic of Korea. The community began in January 2006 and now comprises over 4,300 T1DM patients or their parents (as of December 2012). They run camps for T1DM children and have also created four informational publications for patients. Two of the mentors were T1DM patients themselves, and three were parents of at least one child diagnosed with T1DM more than 5 years ago. All of the mentors were currently in good glucose control states (defined as HbA1c level \<7.0% within 3 months of enrollment). They were all university graduates, with the exception of one who had 2 years of college education. As a group, they were highly empathetic and devoted to helping other patients or parents through the postdiagnosis crisis. They all agreed to participate in this study purely as an altruistic undertaking without any kind of financial compensation except for blood screening test cost and transportation expenses reimbursement for meeting with investigators. No mentors reported that they had been assigned to patients they knew.

Outcome measures
----------------

The primary outcome measure was the HbA1c levels 12 weeks after randomization. Secondary outcome measures included the fructosamine levels after the 12-week study, the number of hypoglycemic episodes (serum glucose ≤70 mg/dL), and number of self-monitoring of blood glucose (SMBG) readings. To assess the impact of the intervention on the self-management of diabetes, the subjects completed the Audit of Diabetes Dependent Quality of Life (ADDQoL) questionnaire \[[@B11]\] and the Diabetes Treatment Satisfaction Questionnaire (DTSQ) \[[@B12]\] at baseline and after completing the study. Both questionnaires were translated into Korean (KR-ADDQol-19; Korean for South Korea 17.12.09 from Standard UK English revision 1.3.06 and KR-DTSQ; Korean 8.3.06 from standard UK English revision 7/94). Average glucose, standard deviation (SD), average daily risk range (ADRR), and the percentage coefficient of variation (CV) were calculated and analyzed from each subject\'s transmitted glucometer data.

Statistical analysis
--------------------

Using a two-sided test at a 5% level of statistical significance, the trial was designed to have an 80% statistical power to detect intergroup differences of 1.0% in the mean change in HbA1c from baseline to the completion of the trial. We aimed to recruit 80 patients, allowing for a 10% drop-out rate. Data were analyzed using PASW Statistics version 20.0 for Windows (SPSS Inc., Chicago, IL, USA). Values are presented as mean±standard deviation or numbers (%). For all statistical analyses a *P* value of less than 0.05 (two-sided) was considered to be statistically significant. Statistical significance was tested using the unpaired Student *t*-test to evaluate group differences. Changes in variables following the study were compared with baseline values by using the repeated measures analysis of variance (ANOVA) for each group. One-way ANOVA with Bonferroni correction was applied to evaluate the main effects and interactions of all of the dependent variables in each of the two groups by time (prior to and after the 12-week program).

RESULTS
=======

The descriptive characteristics of all of the groups are given in [Table 1](#T1){ref-type="table"}. The two groups did not differ significantly at baseline with respect to any of the anthropometric or metabolic variables, suggesting successful randomization of the study participants. Unfortunately, five subjects were dropped out throughout the study for failing to turn up to a follow-up without giving any clear reason (four from the control group and one from the mentored group). A comparison between the parameters of each group after the completion of the study is described in [Table 2](#T2){ref-type="table"}. In the control group, the fructosamine and average glucose values from the subject\'s glucometer were significantly different from baseline value. Only fructosamine and average glucose improved from baseline, while other outcome measures, including HbA1c, number of hypoglycemic episodes, and number of SMBG, ADDQoL, DTSQ, and other glucometer data, did not ([Table 2](#T2){ref-type="table"}). In the mentored group, the number of SMBG per day increased during the study. However, none of the values changed significantly from the baseline value ([Table 2](#T2){ref-type="table"}). A comparison between parameters at completion of the study is depicted in [Table 3](#T3){ref-type="table"}. The mentored group visited the website more often (20.59 times vs. 5.07 times), and an increase in the number of SMBG per day was also observed (1.41 vs. 0.30). Nevertheless, the primary and secondary outcome measures, namely HbA1c and fructosamine levels, number of hypoglycemic episodes, and number of SMBG, and ADDQoL and DTSQ score, did not differ between the two groups. None of the changes of other outcome measures from the baseline values were statistically significant. Further analysis comparing groups with or without a reduction of HbA1c of 1% showed that the number of logins to the website and the increment in the number of SMBG per day were significantly different between the two groups ([Table 4](#T4){ref-type="table"}), along with the changes of fasting glucose, fructosamine, and HbA1c levels themselves. The proportion of subjects in the mentoring group who improved their HbA1c levels by more than 1% was higher than in the control group; however, this difference (68.8% vs. 41.7%) did not reach statistical significance.

DISCUSSION
==========

The primary finding of this 12-week study is that an internet-based mentoring program can increase the frequency of SMBG. However, we failed to show any improvement in the number of hypoglycemic episodes, or ADDQoL, and DTSQ scores.

Although the primary and secondary outcome measures did not improve significantly in the mentored group compared with the control group, the improvement in the number of blood glucose monitoring events in the mentored group suggests that the program is effective in altering important outcome mediators. A subgroup analysis the questions in the ADDQoL questionnaire also failed to show any significant difference between the two groups (data not shown). Attempts to identify the specific subgroups most likely to benefit from mentoring also failed due to the small number of subjects. Previous telemedicine studies have also failed to show clear improvements in HbA1c levels or other outcomes \[[@B8],[@B13],[@B14],[@B15]\], which we suspect to be due to the generally small subject groups (\<50 subjects) and the limited durations of follow-ups (3 to 6 months) in most studies. Some patient mentoring studies \[[@B16],[@B17]\] have shown benefit in diabetes management, although all of these programs evaluated patients with type 2 diabetes mellitus in a Veterans Affairs Medical Center setting. Both of the studies lasted for 6 months and more than 90% of the subjects were male. A recent study by Long et al. \[[@B17]\] in which all 118 subjects in the study were African American provided mentors with financial incentive. Our negative results also suggest a Hawthorne effect, whereby the mere fact of being enrolled in a study improves outcomes without any added impact of the mentoring program. The control group in this study showed improvements in fructosamine levels compared with baseline values. Moreover, we deliberately excluded patients with good control and recruited the remaining population; delivering effective intervention to subjects with poor control is likely to be difficult. Dropout rates in both groups were similar to other studies \[[@B8],[@B18]\].

Subjects in the mentored group logged into the website more often, and thus received more feedback from mentors. This interaction provided additional opportunities for the subjects to request health information and use the system as a portal to gain access to accurate and up-to-date information about their illness, treatment, nutrition, and exercise. In addition, the mentored group had a higher number of SMBG per day. Not only did these subjects monitor their blood glucose levels more frequently, but they were also able to show their blood glucose readings to their mentors in a more timely fashion. A higher frequency of SMBG measurements is related to better metabolic control, especially in T1DM \[[@B19],[@B20]\]. This may explain why subjects with a greater reduction in HbA1c level showed a higher number of logins and an increased frequency of blood glucose monitoring; the percentage of these subjects was higher in the mentored group, although the difference was not statistically significant. Consequently, an internet-based mentoring program that can encourage monitoring is potentially a tremendous health asset. The internet-based program provides patients with a convenient vehicle for transferring their blood glucose readings to their doctors or mentors, thus providing an opportunity to be more involved in their own health care; this kind of communication plays a critical role in an illness that can change as quickly as diabetes \[[@B21]\]. In addition to the abovementioned benefits, experienced mentors could advise with their own personal experiences. They were able to discuss issues with and provide support to the patients in ways that health care professionals cannot. Moreover, as is the case with other forms of peer support, patient mentoring may help not only the patient, but also the mentor. A growing body of research shows that patients who help others receive benefits themselves in return \[[@B22]\].

Telemedicine can be a useful tool for the provision of diabetes care, and represents a potential solution for the poor access to healthcare and provider shortages. It cannot replace patient visits and direct interaction with providers, but it can supplement between-visit care and reduce the time to the attainment of adequate metabolic control by patients. Telemedicine can also potentially save time and travel expenses for patients \[[@B23]\]. Patient mentors may be especially effective in helping patients develop strategies to incorporate complex treatment regimens into their everyday routines. Volunteer patient mentors also are frequently available beyond normal clinic hours, which are times when patients do not typically have access to health care staff. In addition, perhaps the most obvious attraction of this type of patient mentoring is that providing one-on-one peer support through mentors could potentially provide similar benefits as direct health-care staff interactions at a lower cost (virtually free). This almost certainly enhances its cost-effectiveness relative to more expensive interventions, such as nurse care management, telemedicine, and group medical appointments \[[@B17],[@B24],[@B25]\]. Another major advantage to electronic glucose tracking is accuracy. Compared with paper data capture by patients, electronic tracking is likely to be significantly more accurate and preclude back-filling, forward-filling, and data manipulation \[[@B26]\]; practitioners therefore have an accurate sense of glucose levels and monitoring frequency with richer data. Combining the scientific knowledge of doctors and the personal experience of mentors with the assistance of the internet will open a new era of diabetes management. However, choosing mentors who have a good grasp of day-to-day diabetes management and are knowledgeable and flexible is key to the success of an internet-based mentoring program. Nevertheless, certified criteria for mentor in diabetes management are lacking and variable across other studies \[[@B16],[@B17]\].

This study has some limitations. This study was conducted in a single center, although some of the participants were recruited from the internet website, hence our study subjects may not represent the larger population of T1DM. We were unable to fulfill the planned 80 patients, making this study an underpowered analysis. In addition, only short-term outcomes are reported in this article. It is possible that, given the mediating effects on blood glucose monitoring, a longer period of follow-up is needed to observe the changes in outcomes. Lastly, subjects who did not have internet access or did not know how to use the internet were excluded, allowing us to presume the existence of a selection bias. Developing computer skills in older, computer-naive patients is a major barrier in telemedicine. Moreover, the development of universal software that can easily download data from all glucometers and easily transmit the results is still needed.

In conclusion, a 12-week internet-based mentoring program for T1DM patients with inadequate glycemic control did not prove superior to conventional follow-ups. However, the increase in the frequency of blood glucose monitoring may lead to other clinical benefits.
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###### 

Subjects\' characteristics after randomization (*n*=57)
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Values are presented as mean±standard deviation, median (interquartile range), or numbers as appropriate.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; ADDQoL, Audit of Diabetes Dependent Quality of Life; DTSQ, Diabetes Treatment Satisfaction Questionnaire.

^a^Hypoglycemia is defined as serum glucose ≤70 mg/dL.

###### 

Comparison of parameters at baseline and after study completion in each group (*n*=52)
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HbA1c, hemoglobin A1c; ADDQoL, Audit of Diabetes Dependent Quality of Life; DTSQ, Diabetes Treatment Satisfaction Questionnaire; SD, standard deviation; ADRR, average daily risk range; CV, coefficient of variation.

^a^Significantly different from baseline value (*P*\<0.05), ^b^Hypoglycemia is defined as serum glucose ≤70 mg/dL.

###### 

Comparison between parameters at study completion (*n*=52)
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Values are presented as mean±standard deviation or number (%).

HbA1c, hemoglobin A1c; ADDQoL, Audit of Diabetes Dependent Quality of Life; DTSQ, Diabetes Treatment Satisfaction Questionnaire; SD, standard deviation; ADRR, average daily risk range; CV, coefficient of variation.

^a^Hypoglycemia is defined as serum glucose ≤70 mg/dL.

###### 

Comparison between parameters according to glycemic control (*n*=52)
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Values are presented as mean±standard deviation or number (%) as appropriate.

HbA1c, hemoglobin A1c; SD, standard deviation; ADRR, average daily risk range; CV, coefficient of variation; ADDQoL, Audit of Diabetes Dependent Quality of Life; DTSQ, Diabetes Treatment Satisfaction Questionnaire.

^a^Hypoglycemia is defined as serum glucose ≤70 mg/dL.
